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EDITORIAL COMMENT

Optimal Stent
Expansion and Complete
Neointimal Coverage
Does This Association Make Sense?*
Gary S. Mintz, MD, So-Yeon Choi, MD
New York, New York
In this issue of JACC: Cardiovascular Interventions, Sera et
al. (1) report that stent underexpansion (analyzed using
intravascular ultrasound) is associated with incomplete
neointimal coverage (determined by angioscopy) after
sirolimus-eluting stent implantation; incomplete neointimal
coverage is a pathologic risk factor for late stent thrombosis.
See page 989

For the same sized vessels, complete neointimal coverage
was associated with a larger minimum stent area (MSA)
when compared with incomplete coverage. Besides the
methodological limitations typical for any small study, does
this link make sense? The authors explain their findings by
citing animal study histopathologic data from the baremetal stent (BMS) era relating neointimal hyperplasia to
vessel injury, especially to strut penetration into the media
(2). They suggest that: 1) a larger MSA is inferential
evidence of vessel injury; and 2) with BMS this is “bad”
since it leads to more restenosis while in drug-eluting stents
(DES) this is “good” since it increases completeness of stent
strut tissue coverage.
We are not so sure. First, these histopathologic studies
are in BMS, not in DES; to our knowledge, the stepwise
relationship between an injury score and intimal hyperplasia
has not been confirmed in DES. Second, these studies are
mostly from nonatherosclerotic animal models. Third, in
post-mortem human studies, only one-third of stents contact the media (3); moreover, stents do not penetrate the
media at the site of maximum plaque burden, typically the
site of the MSA. Fourth, even in BMS (with the exception
of the Hoffmann et al. study [4]), there is no consistent
evidence that a larger MSA is associated with a greater
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neointimal response. Fifth, the relationship between injury
and intimal hyperplasia in BMS is focal, on a slice-by-slice
or even strut-by-strut basis. Why should stent underexpansion at the MSA site contribute to incomplete strut coverage
at other sites or throughout the stent?
Instead, we believe that other explanations are worth
exploring. For example, atherosclerosis, neointimal hyperplasia, and stent thrombosis predominantly develop at sites
of low wall shear stress that is inversely proportional to the
cube of the radius (5). Sukavaneshvar et al. (6) have
demonstrated that platelet-dependent thrombosis is promoted by increasing radial transport of blood components
and low wall shear stress. Low shear stress might be a risk
factor for stent thrombosis for as long as the mechanical
cause exists even though most reports related early stent
thrombosis to stent underexpansion (7,8). Thus, in BMS
stent underexpansion (and low shear stress) may result in
“incomplete” endothelialization that may accelerate neointimal growth (5,9). However, in DES the eluted drug
suppresses neointimal growth and re-endothelialization so
that underexpansion may result in thrombus formation in
areas of low wall shear stress (10,11). While the primary aim
of DES is preventing vascular smooth muscle cell proliferation and migration, the eluted drugs also impair reendothelialization leading to delayed arterial healing, induced tissue factor expression, and a prothrombogenic
environment (12,13).
Angioscopy and optical coherence tomography are the
best clinical tools to evaluate tissue stent strut coverage
(14 –17), but they do not evaluate the function of the
endothelium or even the existence of re-endothelialization;
re-endothelialization is below the current resolution of these
techniques. In addition, although 1 post-mortem study has
shown that the most powerful morphologic predictor of
stent thrombosis is tissue coverage (18), there is no strong
evidence that clinically detected incomplete stent strut coverage leads to stent thrombosis. Many DES with incomplete strut stent coverage do not thrombose (15,17,19)
although subclinical stent thrombus formation may be
under-recognized (20).
Mechanical factors such as stent underexpansion are more
important in early thrombosis, whereas patient factors such
as cessation of antiplatelet agents are more important in
late/very late DES thrombosis (11). Studies have also shown
that inflow/outflow disease or a larger residual reference
segment plaque burden is a risk factor for stent thrombosis
(6 – 8). To that end, in the study by Sera et al. (1), stents
with incomplete neointima coverage had a smaller distal
reference lumen area and a tendency for a greater distal
reference plaque burden.
There are many limitations to this study including the
lack of baseline pre-DES imaging. However, most importantly, the authors only report 28 stented segments in 15
patients. Even in this very small study, most patients had

996

Mintz and Choi
Editorial Comment

multiple stented segments. Did individual stented segments
in the same patient behave independently or were they
influenced by patient-related factors; if there were 2 stents
in 1 patient, were they equally expanded and/or did they
have similar neointimal coverage? For example, there was an
interesting trend relating diabetes to neointimal coverage
that was never explored. Another limitation is the assessment of neointimal coverage by angioscopy (14,15). Using
angioscopy, complete circumferential view of the entire
stent length may be prohibited by vascular tortuosity (15).
Furthermore, unlike animal models relating local neointimal tissue versus focal vessel injury on a slice-by-slice or
strut-by-strut basis and pathologic studies showing heterogeneity of DES neointima, angioscopic classification of
neointimal coverage is global and not regional while stent
expansion is evaluated at 1 slice—the MSA site. Especially
when assessing the relationship between stent expansion,
neointimal hyperplasia, and thrombus formation, the intrastent “regional” environment (low shear stress) and blood
flow is more complicated and dependent on 3-dimensional
stent as well as inflow/outflow geometry (6).
The current study combined angioscopic and intravascular ultrasound findings. In the future optical coherence
tomography, which can assess both MSA and strut-by-strut
neointimal coverage over the entire length of the stent
(16,17) as well as other potentially important findings such
as stent-vessel wall malapposition and atherosclerotic and
neointimal plaque composition, may be preferred for such
studies.
Nevertheless, Sera et al. (1) provide a novel explanation for
the relationship between stent underexpansion and stent
thrombosis—that stent underexpansion limits stent strut neointimal coverage and, therefore, could promote stent thrombosis. Does their data and explanation make sense? Perhaps.
Perhaps not. However, the authors provide another compelling reason to optimize DES expansion and not just
settle for “good enough.”
Reprint requests and correspondence: Dr. Gary S. Mintz,
Cardiovascular Research Foundation, 111 East 59th Street, 11th
floor, New York, New York 10022. E-mail: gsm18439@aol.com.

REFERENCES

1. Sera F, Awata M, Uematsu M, Kotani J-i, Nanto S, Nagata S. Optimal
stent-sizing using intravascular ultrasound contributes to complete
neointimal coverage following sirolimus-eluting stent implantation
assessed by angioscopy. J Am Coll Cardiol Intv 2009;2:989 –94.

JACC: CARDIOVASCULAR INTERVENTIONS, VOL. 2, NO. 10, 2009
OCTOBER 2009:995– 6

2. Schwartz RS, Huber KC, Murphy JG, et al. Restenosis and the
proportional neointimal response to coronary artery injury: results in a
porcine model. J Am Coll Cardiol 1992;19:267–74.
3. Farb A, Sangiorgi G, Carter AJ, et al. Pathology of acute and chronic
coronary stenting in humans. Circulation 1999;99:44 –52.
4. Hoffmann R, Mintz GS, Mehran R, et al. Tissue proliferation within
and surrounding Palmaz-Schatz stents is dependent on the aggressiveness of stent implantation technique. Am J Cardiol 1999;83:1170 – 4.
5. Stone PH, Coskun AU, Kinlay S, et al. Effect of endothelial shear
stress on the progression of coronary artery disease, vascular remodeling, and in-stent restenosis in humans: in vivo 6-month follow-up
study. Circulation 2003;108:438 – 44.
6. Sukavaneshvar S, Rosa GM, Solen KA. Enhancement of stent induced
thromboembolism by residual stenoses: contribution of hemodynamics.
Ann Biomed Eng 2000;28:182–93.
7. Fujii K, Carlier SG, Mintz GS, et al. Stent underexpansion and
residual reference segment stenosis are related to stent thrombosis after
sirolimus-eluting stent implantation: an intravascular ultrasound study.
J Am Coll Cardiol 2005;45:995– 8.
8. Liu X, Doi H, Maehara A, et al. A volumetric intravascular ultrasound
comparison of early drug-eluting stent thrombosis versus restenosis.
J Am Coll Cardiol Intv 2009;2:428 –34.
9. Cheneau E, John MC, Fournadjiev J, et al. Time course of stent
endothelialization after intravascular radiation therapy in rabbit iliac
arteries. Circulation 2003;107:2153– 8.
10. Joner M, Finn AV, Farb A, et al. Pathology of drug-eluting stents in
humans: delayed healing and late thrombotic risk. J Am Coll Cardiol
2006;48:193–202.
11. Lüscher TF, Steffel J, Eberli FR, et al. Drug-eluting stent and coronary
thrombosis; biological mechanisms and clinical implications. Circulation 2007;115:1051– 8.
12. Steffel J, Latini RA, Akhmedov A, et al. Rapamycin, but not FK-506,
increases endothelial tissue factor expression: implications for drugeluting stent design. Circulation 2005;112:2002–11.
13. Matter CM, Rozenberg I, Jaschko A, et al. Effects of tacrolimus or
sirolimus on proliferation of vascular smooth muscle and endothelial
cells. J Cardiovasc Pharmacol 2006;48:286 –92.
14. Kotani J, Awata M, Nanto S, et al. Incomplete neointimal coverage of
sirolimus-eluting stents: angioscopic findings. J Am Coll Cardiol
2006;47:2108 –11.
15. Awata M, Kotani J, Uematsu M, et al. Serial angioscopic evidence of
incomplete neointimal coverage after sirolimus-eluting stent implantation: comparison with bare-metal stents. Circulation 2007;116:910 – 6.
16. Matsumoto D, Shite J, Shinke T, et al. Neointimal coverage of
sirolimus-eluting stents at 6-month follow-up: evaluated by optical
coherence tomography. Eur Heart J 2007;28:961–7.
17. Takano M, Yamamoto M, Inami S, et al. Long-term follow-up
evaluation after sirolimus-eluting stent implantation by optical coherence tomography. J Am Coll Cardiol 2008;51:968 –9.
18. Finn AV, Joner M, Nakazawa G, et al. Pathological correlates of late
drug-eluting stent thrombosis: strut coverage as a marker of endothelialization. Circulation 2007;115:2435– 41.
19. Iakovou I, Schmidt T, Bonizzoni E, et al. Incidence, predictors, and
outcome of thrombosis after successful implantation of drug-eluting
stents. JAMA 2005;293:2126 –30.
20. Takano M, Ohba T, Inami S, Seimiya K, Sakai S, Mizuno K.
Angioscopic differences in neointimal coverage and in persistence of
thrombus between sirolimus-eluting stents and bare metal stents after
a 6-months implantation. Eur Heart J 2006;27:2189 –95.

Key Words: drug-eluting stents 䡲 intravascular ultrasound 䡲 angioscopy.

